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Abstract: Fully integrated passive RFID tag is the ideal solution to dramatically reduce the costs and
sizes of RFID tags. In order to achieve this goal, three basic requirements are necessary: high gain on-
chip antenna, high efficiency RF-DC converter and ultra-low power mixed signal circuitry. This paper
proposes an asymmetric dipole antenna as the candidate for the on-chip antenna of the fully integrated
RFID tags. The proposed antenna has been compared with the standard patch antenna and the symmetric
dipole antenna with balun. All antennas in this paper have been investigated by using Sonnet EM solver
with the same substrate stack. Simulation results of the prototype antenna demonstrate an over 4dB higher
gain than that of the patch antenna at 10GHz and 10 dB higher than symmetric dipole antenna with
similar size. Therefore the asymmetric dipole antenna shows as a promising candidate for ultra-low cost
and miniature RFID tags.
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1. Introduction

Radio-Frequency identification (RFID) is an emerging technology due to its advantages compared to
conventional bar-code system [1-3]. Some of its advantages are the ability for longer reading/writing
distance, more advanced data management, faster processing speed, and reliable operation in difficult
environments[4]. RFID systems are increasingly used in the different areas, such as supply chain, price
tags, credit cards, subway passes, and automobile toll collection[5].

Out of three types of RFID tags (active, passive and semi-passive), passive tags attract broad interests
due to its low cost and long life time. Passive tags utilize antennas to harvest RF energy for all their
operations, so the antenna design for passive tags are critical for their performance[6]. The type of
antenna used by RFID tags is closely related to the target applications. For example, patch antennas are
well suited for metallic objects since it is possible to make use of their bodies as a ground plane [7-8].

The integration of the antenna with the RFID tag is the final hurdle to achieve a fully integrated
single-chip wireless system with largely reduced cost and form factor. Low radiation efficiency is the
main problem of the previous studies involved in developing on-chip antennas [9]. In this paper, we
propose an on-chip antenna structure operating in the X-band frequency and compare it with the existing
antenna designs. The proposed antenna, a patch antenna and a symmetric dipole antenna with balun were
designed, simulated and optimized in Sonnet software.

2. Proposed On-chip Antenna Design

The layout of the proposed antenna is shown in Fig.1 (a) with differential port. It is an asymmetric
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dipole antenna. Its overall electrical length from the feed point to end of the long section is about a quarter
wavelength (Ao/4) at the resonance frequency of operation. The final electrical dimensions of the antenna
are 0.17X, by 0.1X,. Throughout the antenna design process, asymmetric dipole antenna exhibits superior
performance over symmetric dipole and patch antennas. The IBM 0.18um six-metal layer CMOS process
is used for electromagnetic analysis of the antennas. The dielectric stack starts with 700pm silicon with a
loss tangent of 0.004, and conductivity of 7.41S/m. The conductive layer is defined as Sum thick
aluminum film. The complete IBM PDK 0.18um dielectric stack is given in Table 1.

Table 1: Substrate stack description for Sonnet simulation

Thickness | Mat. Name Erel Dielectric Diel Cond.
(um) Loss tangent | (S/m)
10000.0 Air 1.0 0.0 0.0

4.3 AM 3.8 0.0 0.0

4.0 SiO, 4.1 0.0 0.0

6.7 SiO, 4.1 0.0 0.0

700.0 Silicon 11.9 0.004 7.41

Symmetric dipole antenna mentioned [10] in Fig. 1(b) consists of a via-hole balun acts as an unbalanced
to balanced transformer between the feed coaxial line and the two printed dipole strips. The structure is
resized to fit 10GHz application. The length of the dipole strips is approximately 1/4 of the wavelength.
The ground plane and the of the microstrip line and the dipole strips are in the same plane. The widths of
the dipole arm strips are chosen to be approximately one-tenth of the wavelength.

The patch antenna in Fig. 1(c) is designed so that one side is half wavelength. When building it on a
substrate it can be fed through a microstrip line.

| 2l RN i
(@) (b) (c)

Fig.1 Antenna layouts for (a) asymmetric dipole antenna with differential port, (b), Symmetric dipole
antenna with balun, and (¢) patch antenna.

3. Simulation Results

The simulated antenna gains vs. frequency are shown in Fig.2. The proposed antenna with differential
port (Fig.2 (a)) has a gain of -17.1dBi. In contrast, symmetric dipole antenna with balun in the same
dielectric environment shows a modest gain of -25.7dBi and the Patch antenna has a gain of -21.5dBi. The
gain vs. theta of the proposed antenna was compared with the symmetric dipole antenna with balun and the
patch antenna (Fig. 3).
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Fig.2 Directive gain at (¢p=6=0) vs. frequency of (a) asymmetric dipole antenna differential port, (b)
Symmetric dipole antenna, and (¢) patch antenna.
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Fig.3 Antenna pattern plots of gain (¢p=0=0) vs. theta of (a) asymmetric dipole antenna differential port,
(b) Symmetric dipole antenna, and (c) patch antenna.

Table 2: Layout dimension and gain comparison

Antenna Type Gain 1 Maximum Linear Dimension
(dBi) | (GHz) (nm)
Asymmetric Dipole Antenna differential Port -17.1 10.2 5048
RFIC on-chip dipole antenna -25.7 10.0 6600
Patch Antenna -21.5 10.0 8514

Table 2 shows the comparison of the proposed antenna with the symmetric dipole antenna with balun
and patch antenna. The asymmetric dipole antenna with differential port has the highest gain of -17.12dBi
with similar maximum linear dimension to the other two structures. To compare with other state-of-the-
art small antennas, the next step will be fabricating and measuring the proposed antenna structure in IBM
0.18 CMOS technology.

4. Conclusion
An asymmetric dipole on-chip antenna with electrical dimensions of 0.17X, by 0.102, is presented in

this paper with gain of -17.1dBi in X-band frequency. The proposed antenna provides a significant higher
gain than the patch antenna and symmetric dipole antenna with balun. Therefore the asymmetric dipole
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antenna is a promising candidate of the on-chip antenna of the fully integrated passive X-band RFID
transponder.

References

[1] S. Han, et al., "An efficient localization scheme for a differential-driving mobile robot based on
RFID system," Industrial Electronics, IEEE Transactions on, vol. 54, pp. 3362-3369, 2007.

[2] A. Shameli, et al., "A UHF near-field RFID system with fully integrated transponder,"
Microwave Theory and Techniques, IEEE Transactions on, vol. 56, pp. 1267-1277, 2008

[3] V. Pillai, et al., "An ultra-low-power long range battery/passive RFID tag for UHF and
microwave bands with a current consumption of 700 nA at 1.5 V," Circuits and Systems I:
Regular Papers, IEEE Transactions on, vol. 54, pp. 1500-1512, 2007.

[4] E. Egea-Lopez, et al., "Wireless communications deployment in industry: a review of issues,
options and technologies," Computers in industry, vol. 56, pp. 29-53, 2005.

[5] H. Kogure, et al., Introduction to Antenna Analysis Using EM Simulators: Artech House, pp.163-
166, 2011.

[6] S. Mandal and R. Sarpeshkar, "Low-power CMOS rectifier design for RFID applications,"
Circuits and Systems I: Regular Papers, IEEE Transactions on, vol. 54, pp. 1177-1188, 2007.

[7] P. Foster and R. Burberry, "Antenna problems in RFID systems," in /EE Colloquium, RFID
Technology, London, UK, pp. 3/1-3/5, 1999.

[8] J. P. Curty, et al., Design and optimization of passive UHF RFID systems: Springer Publishing
Company, Incorporated, 2010.

[9] N. Behdad, et al., "A 0.3 mm2 Miniaturized X-Band On-Chip Slot Antenna in 0.13pm CMOS,"
in [EEE Radio Frequency Integrated Circuits Symposium, pp. 441-444, 2007.

[10] H.Chuang, et al,, "3-D FDTD Design anlaysis of a 2.4GHz polarization -diversity printed dipole
antenna with integrated balun and polarization-switching circuit for WLAN and wireless
communication applications," in /[EEE Transactions on Microwave theory and techniques on,
vol.51, pp. 374-381, 2003.

689



	Main Menu
	Conference Agenda
	Welcome Message
	Conference Sponsors
	Conference Exhibitors

	--------------------------
	Previous Document
	Help
	Search
	Print

